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Z. mucronata is myophilic as well as partly anemophilic. Both Musca domestica and a species of Sarcophaga 
are pollinators and are primarily nectar utilizers. Despite the behavioural pattern of the pollinators on the 
flowers, which ensures contact between the stigma and the pollen-loaded mouth parts of the dipterans, this 
relationship cannot be considered a specialized pollinator-plant interaction. Regeneration of Z. mucronata is 
not limited by a lack of pollinators and it escapes pollinator competition by lowering the reward levels but 
offering it during most of the season. 
Z. mucronata is miofilies sowel as gedeeltelik anemofilies. Musca domestica en 'n Sarcophaga spesie is albei 
bestuiwers wat skynbaar uitsluitlik die nektar benut. Die plant-insek-interaksie kan nie beskou word as 'n 
gespesialiseerde interaksie nie, alhoewel die spesifieke gedragspatroon van die vliee op die blomme 
meebring dat bestuiwing kan plaasvind. Saadvorming word nie beperk deur tekort aan bestuiwers nie. Z. 
mucronata spring kompetisie om bestuiwers vry deurdat 'n lae beloning dwarsdeur die seisoen aan 
bestuiwers gebied word. 
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Introduction 
The flower of Z. mucronata fits the description of a 
typical fly blossom which is considered to be regular, 
simple and with no depth effect (Faegri & van der Pijl 
1979). The colours are generally light and dull and nectar 
guides are frequently present. The nectar is easily 
obtainable and the sex organs are well exposed. The 
odour is imperceptible. Flies are regarded as unreliable 
pollinators due to their utilization of many different food 
sources (Faegri & van der Pijl 1979). Diptera which 
include the Muscidae, a large family with well-known 
anthophiles, are considered to be primitive pollinators. 
Some representatives of this family are specialists in 
anthophilous, habit and are general visitors to open 
flowers for nectar and prey. These insects have lapping 
mouth parts and many of them have a short proboscis 
(Faegri & van der Pij11979; Kevan & Baker 1983). Some 
fly species can discriminate between yellow and blue, but 
prefer yellow (Faegri & van der PijI1979). Anthophilous 
insects have finely attuned senses of vision, olfaction and 
taste, tactile sense and appreciation of time which 
extends especially to their appreciation of floral attrac-
tants (Kevan & Baker 1983). 
With this study an attempt was made to determine to 
what extent pollination and pollinators influence the 
reproductive biology of Ziziphus mucronata Willd. 
subsp. mucronata (P. C. & L. Zietsman 58, NMB), 
(subsequently refered to as Z. mucronata). Most of the 
work, in this respect, on the Rhamnaceae focussed on 
New Zealand representatives (Primack 1980; Harvey & 
Braggins 1985; Medan 1985). 
Material and Methods 
Study area 
The study area (2826 CD) is approximately 30 km north-
east of Bloemfontein and forms part of Glen Agricul-
tural College. Acocks (1975) considered the vegetation 
of this area to be part of the Transitional Cymbopogon -
Themeda Veld, No. 49. 
Anthesis 
Anthesis in Z. mucronata was monitored in 10 different 
individuals at the study area, from 05hOO to 20hOO. 
Movement of the sepals, petals and stamens as well as 
pistil development were closely recorded at 15-min 
intervals. At a later date, the commencement of anthesis 
in 30 flowering individuals at the study area was 
monitored. 
Pollen-ovule ratio and anemophily 
The stamens of five different flowers in stage A of 
anthesis (Figure 1) were collected. Pollen grains of the 
five stamens of the different flowers were suspended 
separately in 10 mm·3 of a 0.1 % (m/v) anilin blue staining 
solution. Pollen counts were made for each of eight 
different individual trees using a haemacytometer. The 
mean value of three replicates was used in determining 
the number of pollen grains per flower. Although 
flowers of most of the trees in the study area have two 
locules, some flowers had three but never more. The 
number of ovules of the flowers used for the pollen 
counts was determined and used in calculating the 
pollen-ovule ratio which was found to be 3300:1 for Z. 
mucronata. 
Vaseline-coated glass microscope slides were random-
ly placed in three different trees. After 24 h the slides 
were removed, stained with aniline blue and scrutinized 
for pollen, using a Zeiss Axioskop. Z. mucronata pollen 
grains were found to be present on all the Vaseline-
coated glass slides. 
Pollinator attractants and rewards 
Change in floral colouration was noted. The presence or 
absence of osmophores on the flower was determined by 
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Figure I Schematic representation of anthesis in the two different groups of Ziziphus mucronata flowers over a period of 24 h. 
neutral red staining as described by Swanson et al. 
(1980). The presence or absence of an odour was noted 
but not investigated further. 
The availability of pollen to pollinators was noted. 
The relative quantity of nectar on the disc was evaluated 
on a subjective scale of 0 to 3, (0 = nectar absent; 1 = 
very little nectar present; 2 = nectar droplets just visible; 
3 = thin film of nectar covering the disc). These evalua-
tions were made on four different days for each of 10 
randomly picked flowers in different stages of anthesis. 
A mean was determined for each stage. Least significant 
difference (LSD) was calculated by using the Tukey 
procedure (Steel & Torrie 1980) and indicates a 
significant difference between any two points in a figure. 
Pollinator behaviour 
Insects visiting the flowers of Z. mucronata were 
collected, killed in 100% ethyl acetate and examined 
with a Zeiss dissection microscope for the presence of Z. 
mucronata pollen. The presence and placement of pollen 
on the bodies of the insects was noted. On the basis of 
these data, insects were divided into nectar robbers and 
actual pollinators. The presence of foreign pollen (pollen 
grains of species other than that of Z. mucronata) gave 
an indication of the flower constancy of the different 
pollinators. 
Observations of flower visitors were made for a total 
of 10 days during the 1985/86 and 1986/87 seasons from 
2 h before sunrise to 2 h after sunset on eight randomly 
chosen trees. Every hour, 5 min were spent at each tree 
observing flower vIsItors. Insect vIsitations were 
expressed as number of insects per hour per 30-cm 
length of flower-bearing twig. The trees were numbered 
and visited in a random pattern. Five of these trees 
represented the early-flowering group and the remainder 
the late-flowering group. Visits to the flowers by the 
different species of pollinators were monitored and 
correlated with time of day and stage of anthesis. 
Behaviour on individual flowers 
The movements and change in direction of the 
pollinators on individual flowers were observed. The 
change in direction is the angular difference between the 
direction of arrival at a flower and the direction of 
departure from the flower (Waddington 1983). The 
manner in which the pollinators made contact with the 
rewards as well as the rewards utilized, were also noted. 
Duration of visits on a flower and on an individual tree 
The duration of a visit, which is the time from the 
moment of arrival to the moment of departure, was 
noted for pollinators on the flowers of randomly chosen 
trees. The duration of a visit to a single tree, which was 
considered the time from arrival on the tree to 
departure, was also noted and included observations on 
the number of flowers that the insect had visited 
successivel y. 
The flight distance was considered to be the linear 
distance between two successively visited flowers. 
Results 
Anthesis 
Individual trees of Z. mucronata can be divided into 
early- and late-flowering groups (Figure 1). Anthesis 
starts at 07hOO in the early-flowering group (group A), 
and at 11hOO in the late-flowering group (group B). In 
approximately 85% of the population, anthesis starts in 
the early morning. The nature of anthesis is the same in 
these two groups. Anthesis can be divided into three 
main phases. The first is a premale phase, lasting 
approximately 2 h, followed by a male phase which lasts 
for up to 4 h and a female phase which may last for 21 h. 
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The longevity of an individual flower is approximately 
26 h. 
On grounds of morphological changes, anthesis can be 
subdivided into seven shorter stages. These stages may 
be described as follows: 
Premale phase 
A: (Unfolding) Slits appear between sepals and 
flowers start to open. Although still covered by 
sepals and petals, the anthers have already 
dehisced. 
Male phase 
B I : Flowers partly opened. Stamens perpendicular to 
flower base, but still covered by petals . Anthers 
loaded with inaccessible pollen. Style very short 
and stigmas undeveloped. 
B2 : Flowers fully opened. Petals starting to diverge. 
Pollen accessible to pollinators. Styles start to 
elongate. Few small drops of nectar visible on 
bright yellow-coloured disc. 
B3: Petals fully diverged. Stamens devoid of pollen. 
Disc covered by thin layer of nectar. Stigmas start 
to develop. 
Female phase 
C I : Stamens, devoid of pollen, start to diverge. 
Stigmas almost fully developed. Droplets visible on 
receptive stigmas. 
C2 : Stamens almost fully diverged . 
C3 : Stamens fully recurved. Pistil fully developed. Disc 
colour change to pale yellow. 
Pollinator attractants and rewards 
The disc colour is bright yellow during the male phase of 
the flower and becomes pale yellow during the later 
stages of the female phase when the stigma is 
unreceptive. 
Stained areas on the disc were considered indicative of 
osmophores. However, due to the unspecificity of the 
stain used, it is not clear whether it is osmophores or part 
of the cuticle which is probably damaged during nectar 
secretion, that stains. The weak nauseating smell that is 
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Figure 2 Availability of nectar as a pollinator reward during 
anthesis in the early- and late-flowering individuals of Ziziphus 
mucronata. 
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perceivable during the male and female stages is most 
probably due to the release of a volatile substance 
through these osmophores. 
In the protandric flowers pollen is available to 
pollinators from approximately 09hOO to 13hOO in the 
early-flowering group, and from 13hOO to 16hOO in the 
late-flowering group (Figure 1). Nectar is absent during 
the premale phase. It seems as if the largest quantity is 
available during the last male stage (B3) and the female 
stages (C I-C3), therefore from approximately llhOO to 
15hOO in the early-flowering group and from 15hOO to 
19hOO in the late-flowering group (Figure 2). 
Nectar robbers and pollinators 
A variety of insects, both phytophagous and non-
phytophagous, were collected on Z. mucronata. 
However, only pollen-carrying insects were identified. 
These were two dipteran species, Musca domestica L. 
and a Sarcophaga sp. (subsequently refered to as 
Sarcophaga), as well as an ant Anoplolepis custodiens 
(Smith) (Hymenoptera). 
Z. mucronata pollen was found on the sides of the 
proboscis of both dipteran species. Very few, if any, 
pollen grains were found on other parts of their bodies. 
Not a single individual carried any foreign pollen. The 
pollen on the body of the ant species was randomly 
distributed. An average of 0.5 pollen grains per ant were 
found on the individuals of A. custodiens that were 
examined. 
Pollinator behaviour 
Behaviour on individual flowers 
During a floral visit, individuals of both Sarcophaga and 
M. domestica, orientate their bodies parallel to the 
centre line of the flower with one side of the head next to 
the pistil. While lapping the nectar from the disc the 
pollinators circle around the pistil and accidentally brush 
against the stigmas. During one such visit a pollinator 
may circle around the stigma more than once and usually 
alternates the direction in which it moves . 
The visitation patterns of the pollinators differ 
between the early- and late-flowering groups of trees 
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Figure 3 Diurnal visitation patterns of pollinators to early-
(--) and late- (- - -) flowering individuals of Ziziphus 
mucronata. 
S.Afr.J. Bot., 1990, 56(3) 
40 
> u 
z 30 UJ 
::l 
0 
UJ 
a: 
u.. 
20 
eft. 
10 
5-6 7-8 9-1011-12 13-1415-16 >16 
TIME (SECONDS) 
Figure 4 Duration of visitations of Sarcophaga and Musca 
domeslica to flowers of Ziziphus mucronata . • Sarcophaga; ~ 
Musca domeslica. 
(Figure 3) . In the early-flowering group visitation rates 
peak during early morning (08hOO) and again at 13hOO 
and between 15hOO and 16hOO but drop sharply between 
09hOO and llhOO. However, during approximately stage 
A of the late-flowering plants, there is a peak in early 
morning visitations. 
The pollinators apparently spend the night on the 
trees but are inactive between 19hOO and 06hOO. In the 
early-flowering group, flowers in the receptive stage of 
anthesis (C2 ) received fewer visits than during the 
unre.ceptive stage (C3 ), while those in the B2 stage 
receIved most visits during the male phase of anthesis. In 
the late-flowering group , flowers in the male phase of 
anthesis , B 1- B3 , received most visits, while flowers in 
the receptive stage (C2 ) received almost no visits. 
. Most directional changes made by pollinators (46%) 
~nvolve a turn through 180° while approximately 25% 
Involve turns through 90° (results not shown). 
Duration of visits on a flower and on an individual tree 
Sarcophaga spends an average of 8 sec per flower while 
M. domestica spends an average of 7 sec per flower. The 
duration of most of the visits of Sarcophaga is between 5 
and 6 sec and 1 and 2 sec for M. domestica (Figure 4). 
Most of the visits of Sarcophaga to male flowers last for 1 
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Figure 5 Duration of visits of Sarcophaga to male and female 
flowers of Ziziphus mucronata . • male phase; !ll! female phase. 
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Figure 6 Duration of visits of Musca domestica to male and 
female flowers of Ziziphus mucronata . • male phases; ~ female 
phases . 
to 5 sec while an almost equal number of visits to female 
flowers was observed to be between 1 and 5 and 6 and 10 
sec (Figure 5) . There is no difference between the dura-
tion of visits of M. domestica to male and female flowers 
(Figure 6) . In the majority of observations, approxi-
mately 60% of the pollinators were noted to visit 
between one and four flowers before they disappeared 
out of sight (Figure 7). This was primarily due to the 
erratic movements of the pollinators on the trees. 
Flight distances between flowers 
In approximately 72% of the observed instances 
Sarcophaga as well as M. domestica moved to a flower 
c1ose~ than. 5 cm from the one previously visited (Figure 
8! .. FlIght dIstances of both vectors, between successively 
vIsIted flowers, do not differ during the male and female 
phases of anthesis (results not shown) . 
Discussion 
The evidence available from anthesis of Z mucronata 
shows the reproductive organs of this s~ecies to b~ 
temporally separated rather than spatially. The 
monomorphic flowers of this species are therefore 
dichogamous. Furthermore, the appearance of anthers 
before stigmas indicate protandry. The temporal 
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Figure 7 Number of flowers of Ziziphus mucronata visited 
successively by pollinators. 
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Figure 8 Frequency distribution of distances that pollinators 
move between two successively visited flowers of Ziziphus 
mucronata (d = disance moved). 
separation of pollen and receptive stigma in Z . mucro-
nata is presented in a single flower and can be regarded 
as intrafloral dichogamy . The lack of overlap between 
pollen presentation and stigma receptivity indicates 
dichogamy to be complete (Lloyd & Webb 1986) . The 
existance of what seems to be two genetical morphs in 
the population which differ in the timing of anthesis 
would , according to Lloyd & Webb (1986) , suggests that 
this species is heterodichogamous. The pollen-ovule 
ratio of Z. mucronata is indicative ofaxenogamous 
species and implies that pollen transfer in this species is 
relatively inefficient (eruden 1977). 
Apparently the only visual attractants of Z . mucronala 
flowers are the yellowish colour of the fresh flowers 
which attracts unspecialized pollinators such as species 
of Diptera (Kevan & Baker 1983) , and the change in disc 
colour which may assist insects to discriminate between 
rewards offered by receptive and non-receptive flowers 
(Gori 1983; Kevan & Baker 1983 , 1985 ; Waddington 
1983; Stucky 1984) . The only olfactory attractant 
perceived by the author is the nauseating smell which is 
apparently utilized by flies in making foraging decisions 
(Waddington 1983) . 
The timing and availability of the different pollinator 
rewards vary considerably. As may be expected in a 
dichogamous protandrous flower, most of the pollen 
grains are removed during the early stages of the male 
phase. During the female phase, the anthers are almost 
fully recurved and in such a position that contact 
between pollinators and pollen is unlikely. 
The sticky pollen grains presumably adhere to pollina-
tors during visits to male flowers. However, other 
dispersal mechanisms are most probably also involved. 
Although not quantified, anemophily may account to a 
fair extent for cross pollination in Z. mucronata. 
A. custodiens is not a pollinator and can only be 
regarded as a nectar robber which lowers the reward 
level available to pollinators by utilizing floral nectar 
without causing pollination. This is probably in part due 
to the apparent lack in the pollen-carrying ability of this 
ant species which can probably be ascribed to its 
relatively hairless body. On the other hand , the lack of 
pollen grains on its body may be a result of its behaviour 
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at the flower. While collecting nectar, and probably 
pollen that might have fallen on the disc , individuals of 
A . custodiens reach over the side of the flower but never 
come into contact with the reproductive organs of the 
flower. Even if individuals of A . custodiens were pollen 
vectors , it is highly unlikely that they would have been 
able to act as pollinators as ant secretions was shown to 
have an adverse effect on the germination of pollen 
grains (Beattie et al. 1985). Other ant species were very 
seldom seen visiting the trees and did not carry any 
pollen. Their absence may be due to the aggressive 
behaviour of A. custodiens which probably prevents 
them from visiting the tree and thus utilizing floral 
nectar. A . custodiens has not been seen to display 
aggressive behaviour towards dipterans. 
The absence of foreign pollen on M. domestica and 
Sarcophaga implies that these two species exhibit floral 
constancy to a certain extent. In contrast to the 
behaviour of the ants , these pollinators behave in a way 
that allows pollination to take place. Although they have 
been seen to utilize the nectar on the disc , they have not 
been observed to be actively involved in collecting pollen 
grains . It therefore appears as if the presence of pollen 
on the mouth-parts of these species is merely coinci-
dental and a consequence of their behavioural pattern 
when collecting nectar. The sticky pollen grains probably 
adhere to the proboscis of the pollinators either during 
earlier visits in the male phase of anthesis when they 
reach the nectar by moving in between the anthers, or 
when the anthers are briefly touched during the circular 
movements on the flowers. 
The frequency distribution of flight distances is 
leptocurtic for both pollinating species (Waddington 
1979,1980,1981; Zimmerman 1979). Pollinators tend to 
concentrate on a group of 2 to 4 flowers and move 
randomly between them. After visiting individuals in 
such a group for a number of times the pollinators move 
to another group 15 to 20 cm away where the procedure 
is repeated . Pollinators exhibit little directionality in 
between-visit flights. The directional changes favoured 
by pollinators when moving between individual flowers 
and groups of flowers are turns through 900 and 1800 
which result in the revisitation of individual flowers . This 
behaviour probably enhances energy gain in a relatively 
reward-poor situation. As revisitation of a specific indiv-
idual flower is quite unlikely in a profusely flowering 
tree , this behavioural pattern may furthermore possibly 
increase the chance for the deposition of pollen on the 
stigma. The pollinators apparently cannot distinguish 
between flowers already visited, either by themselves or 
by other pollinators, and pollinators may repeatedly visit 
an individual flower. The duration of a visit to an indiv-
idual tree was not determined , as the exact time of 
arrival and departure could not be established due to the 
very quick and erratic movements of the pollinators. For 
the same reason , data collected on the number of flowers 
visited by a pollinator on an individual tree may be 
inaccurate and therefore pollen dispersal distances were 
not predicted. 
There appears to be only a few differences in the 
behavioural patterns of Sarcophaga and M. domestica . 
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Sarcophaga tends to spend more time on an individual 
flower than M. domestica, which may result in the 
former being a more effective pollinator. However, the 
duration of visits to flowers is more than likely subjected 
to the influence that the ants have on the pollinators. In 
the majority of instances pollinators moved away from 
the flowers as a result of ant activity at the same flower. 
The preference of the pollinators for flowers in the 
female phase can be expected as they are primarily, if 
not exclusively, nectar feeders. 
The relationship between Z. mucronata and its two fly 
pollinators cannot be considered a specialized pollina-
tor-plant interaction, but rather a case of mess and soil 
pollination (Faegri & van der PijI1979). The behaviour-
al pattern of these pollinators seems to indicate a lack of 
sense for time, which may result in an under utilization 
of the rewards offered (Waddington 1983; Bell et ai. 
1984). The two pollinating species seem unable to 
coordinate their visits to overlap with the time of 
maximum reward availability. This inability is clearly 
demonstrated in the visitation patterns to the early- and 
late-flowering trees where the visits are unrelated to the 
availability of pollinator reward. It appears as if the 
visitation pattern of these pollinators relates to the 
activity pattern of the two insect species and not to the 
rewards offered by Z. mucronata flowers. 
Although the observed association between Z. 
mucronata and its pollinators is unspecialized, there 
seems to be a degree of flower constancy in this 
interaction. 
In conclusion, even if Z. mucronata was solely 
dependent on insect pollination, it appears as if the 
regeneration of this plant species is not limited by a lack 
of pollinators. 
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